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Revision to Appendix B - Revised Dec. 6, 1908

NOAA-G/10 AVHRR

Coefficients to Convert PRT Counts to Temperature (Ml

PRT A0 Al A2 A 3 A4

: 276.41 276.41‘ 0.051275 0.051275 1.363x10-6 1.363~10'~ 0 0 :
3 276.41 0.051275 1.363~10'~ 0 0
4 276.41 0.051275 1.363~10'~ 0 Q

Visible-Channel Calibration Coefficients (Counts tQ ,ki~k~edln)

Channel G I

;
0.10589 -3.7261
0.10579 -3.5692

b Nonlinearity _correction Terns (K) for Ch=nel 4
~ .- Y

internal Target Teu&kture [Cl
Scene Temperature (K) 10 15 20

- . ’

320
315
305
295
285
275
265
255
245
235
225
215
205

3.50 2.83 2.54
2.93 2.19 1.97
1.88 1.34 1.11
1.12 0.57 0.12
0.20 -0.15 -0.36

-0.46 -0.53 -1.0,‘:
-0.76 -0.93 -1 'T3
-1.33 -1.49 -1 ':.
-1.74 -2.09 -2.26
-1.79 -2.20 -2, ,I,.%
-2.22 -2.51 -2 ":4
-2.58 -2.65 -2, i:,_ ._*
-2.47 -2.88 -3, x-i
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DATA EXTRACTION AXD CALIBRATION
TIROS-X/X0&  RADIObLETE-RS

OF

Levin Lauritson, Gary J. Nelson
and Frank U. Porto

Hatlonal  Environmental Satellite Service,
XOAA

Washington, D. C.

ABSTRACT. The  TIROS47/NOAA  series is the ,third
generation of environmental satellites pravid*~ng
real-time data to direct readout users- -me ,$
publication has been prepared f o r  t h e  
readout ‘P’ransmis-
sloa (APT) service, the High Resolution Picture
Transmission (HRPT)  service and the Direct
Sounder Broadcast (DSB) service transmitted
from these satellites. Information is presented
that will enable users to extract from the te-

s t r e a m s  
t h e s e  

precisiocg
that can be expected kabpa,

1. WTRODUCT3ON

This publication has been prepared for the user ~3.' Lhe Siilect
readout of the Automatic Picture Transmission (APT> sc,..?.Lr:e of the
High Resolution Picture Transmission (FiRPT) service ~3.: of the
Direct Sounder Broadcast (DSB) service from the TI%:~~-F/~OJU  -W3”9S
spacecraft. It is intended to provide the inforxid'; \n ~1ece~:5a~r-‘i
to extract data from the telemetry streams that are :l.;I;.,e\e  to SI
given sensor, to calibrate these data, and to develop an under-
standing of the accuracy and precision that can be expe:ted of
the calibrated data,

Information is provided that.will enable users witia :nZyf-:$I de--
grees of hardware capability and interest to realize r:;p a.k'~:-;a~~
Utility from their particular systems. For example, LL _4P'I 2:--r
may be interested in only the service that provide-  ?n= pacnP;‘:jon
image products. On the other hand, a station tha'~  L ~.I:‘~ .c I. 0

read out, decommutate, and process HRPT data may g,: L: :; (:, c :. 2 1 f, 1

and produce quantitative products. In either ca :5e, ,._ ; ,fc, -:?A.---

tion will enable the user to realize the maximum zap..3i,L’y  .Iroa
his system.

Xuch of the material contained in this docueut d~.s~-r';s~-~  tti?
TIROS-N/XOAA instruments, data frame fomats, dowzzlkr:  I &!a. bq:i ::r-
istics, etc., has been published before. Schwalb (15,"': des.ribcs
the TIXOS-N/NOAA X-G satellite series in detail in v?I':;  i"er' '-'.r,al
gemorandum,  .X%SS-95. Schneider ( 19'76 ) descr'ibes  T :i ,;( I, ~.: ;.:-‘:la:3d



receiving stations. This publication is an attempt to bring together, under
one cover, the informational content of much of that material,

2. INSTRUMENTS

2.1 Advanced Very High Resolution Radiometer (AVHRR)

The AVHRR provides data for transmission to both APT and HRPT users.
HRPT data are transmitted at full resolution (1.1 km); the APT resolution is
reduced to maintain allowable bandwidth. The AVHRR for TIROS-N is a scanning
radiometer, sensitive in four spectral regions; a fifth channel will be added
on later satellites in this series. Deployment of four- and five-channel in-
struments is as follows: four-channel instruments are planned for TIROS-N,
NOAA-A/6, NOAA-B, NOAA-C/7, and NOAA-E/8; five-channel instruments for NOAA-D,
NOAA-F/g, NOAA-G/lo, NOAA-H, NOAA-I, and NOAA-J.

The APT system transmits data from any two of the AVHRR channels selected
by command from the National Environmental Satellite Service (NESS) Spacecraft
Operations Control Center (SOCC), The HRPT system transmits data from all

To avoid future changes on the spacecraft and in the ground
receiving equipment, the JIROS-N/NOAA series HRPT data format has been
designed to handle five AVHRR channels from the outset.

When operating with a four-channel instrument, the data from the 11 urn
channel are inserted in the data stream twice so that the basic i-iRPT  d a t a
format is the same for both the four- and five-channel versions,

Table 2-l lists the spectral characteristics of the four.-, ano five-channel
instruments and designates the spacecraft on which they are planned to be
deployed. .

Table 2-2 is a listing of the basic AVHRR parameters.

2.2 TIROS Operational Vertical Sounder (TOVS)

The TOVS provides data for transmission to both HRPT and DSB :ece‘lGincj
stations. The data are transmitted in digital format at full instrument
resolution and accuracy.

The TOVS consists of three independent instrument subsystems ;V.i:ip  .:hii:h
data may be combined for computation of vertical atmospheric ";empej*&i.‘e  nnd
humidity profiles. These are:

a. High resolution infrared radiation sounder mod. 2

b. Stratospheric sounding unit

C. Microwave sounding unit

2 -rev.
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'Table 2-l. Spectral characteristics of the
TtROS-N/NOAA AVHRR instruments

Four-cbanael  A-. TIRC3-I(

cbl cba Ch 3 ch4 ch5
0.55-0.9 pa 0.725-1.1 !Aa J.S5-3.93 4 10.5-11.5 fl Dstr from

Cb 4
reoeared

Four-channel  AVlIM  - WAA-A.  - 8 .  - C .  and -h

Cb 1 Ch 2 Cb 3 Cb 4 Cb 5
0.58-0.08 Pl 0.725-1.1 w 3.55-3.93 )r. IO.)-11.5 Urn Data from

Ch 4
rcpearec!

Five-channel AVHRR,  NOAA-D, -F, -G, -H, -T and -J

Cb 1 Cn2 Cb 3 Ch4 Ch 5
0.58-0.68 wn 0.72S-1.1 wa 3.55-3.93 fim 10.3-11.3 Yrn 11.5-12.5 An

!iote. Changes to the above deployment scheme may occur +s a rcs~i~  01
instrument availability or changing requirements.

Table 2-2. AVERR instrument parameters

Parameter

Callbratlon

--_
Value

S t a b l e  blackbody  and space for II
chmaels. 30 !nfllght  v i s i b l e
channel c~libr~tloa other than
s p a c e .

Cross track scan z55.4 from nadir

Line rate 360 lines per znnute

Optical field of vfer 1.3 millir~dians

Ground resolut ion (IFOv)(l 1.1 km 0  n a d i r

I n f r a r e d  channel  .S.AT( 2 co .12  It at 300 K

Visible channel  Q/NC3 3.1 a 0.5% rlbedo

1) Iostmtaneour  field o f  view
2) XUr - .Yolse equlvaleot differeotial tcmper~ture
3) Signal-to-eoisa  r a t i o

2.2.1 High Resolution Infrared Radiation Sounder :'HJR>,,;,,  f

The HIRS/2 is an adaptation of the HIM/l irrstrumcn? 12",~,:~~ ~TI
the Nimbus-6 satellite. The instrument, bui2.. by c 53 A-;:rn:,?~ce!

Optical Division of the International Telephone an16 E't?li;g.c;~ph
Corporation, Fort Wayne, Indiana, measures incident radiatxoa in
19 regions of the IR spectrum and one regioa ,::h? thy> ~.i~ihT;:
spectrum.

Table 2-3 is a listing of the nominal HIRS/2 parT.qaLers.

3,-rev.



Table 2-3. HIM/2 instimment parameters

Parameter Value

Calibration Stable blackbodies (2) and space
background

Cross-track scan 249.5’  (*1125 km) @r nadir

Scan time 6.4 seconds per line

Number of steps 56

Optical field of view 1.25"

Step angle

Step time

1.8’

100 milliseconds

Ground resolution
(IFOV)* (nadir)

17.4 km diameter

Ground resolution (IFOV)
(end of scan)

58.5 ti cross-track by 29.9 km
along track

Distance between IFOV's 42 km along--xrack  @ nadir

Data rate 2880 bits/secoad
_

*Instantaneous field of view.

w

Table 2-4 is a listing of the nominal HIRS./Z sncceral  ’
and noise equivalent differential radiance (A~~&'s).

i: n       3’  s    
;:qri t: p R.ere

will be some variation in the achieved parameters Prom  dIX!2
instrument to another, particularly in the XL%E's.

2.2.2 The Stratospheric Sounding Unit (SSU)

The SSU, which has been provided by the Unxred  
a selective absorption technique to make rneas?~~ca~enz:; t.hrto

The spectral characteristics of eac:t chxnts'l z.re cle-,
termined by the pressure in a carbon dioxide gas cell in  
tical i-ta t h e  ce_ll~; d.e-~~raiil~s

SSU



Table 2-4. HIRS/Z spectral characteristics

Channel Half power Maximum Specified
Channel frequency gn bandwidth scene

(cm-l) (cm-l) temperature (K) Fv 3-7

1 669

2 680

3 690

4 703

5 716

6 733

lOAl'
1,225

797
11 1,365

12 1,488

13 2,190

14 2,210

15 2,240

16 2,270

17 2,360
17Al-

30

0 . 3 716

16 265 O.a,l‘

16 280 0.24

16 290 0.20

35 330 0 . 1 0

25 270 0.15

60 290 0.16
16 0.20
40 275 0.20

80 260 0.19

23 300 0.006

290 O.QQ~23

23 280 0.004

23 260 0.00%

23 280
28 330
35 340

100 340 0 %.-’  : I

1000 100% A 0 , “” ;j ,/ .j

~_ .- -=-

!,EAN in mW/(sr m2 cm-1 >

1. 10A and 17A are used on FM 11, 21, and 31. 10 and 17 are used s;a F-‘?! I-7.
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Table 2-5. SSU channel characteristics

Channel Central Cell Pressure of mT
number wave no. pressure weighting function

(cm-l) (mb) peak (mbar)
mW/(sr m2 cm-l) -

1 66s 100 15 0.35

2 668 35 5 0.70

3 668 10 1.5 1.75

Table 2-6. SSU instrument parameters

Parameter Value

Calibration Stable blackbody and space
background

Cross-track scan

Scan time

*40" (*737 km)

32 seconds

Xumber of steps 8

Step angle 10"

Step time 4 seconds

Ground resolution (IFOV)
(at nadir)

147 km diameter

Ground resolution (IFOV)
(at scan end)

244 km cross-track by
186 along-track

Distance between IFOV's 210 km along-track @ nadir

Data rate 480 bps

2.2.3 The Xicrowave Sounding Unit (!ASU)

The Xc' is a four-channel Dicke radiometer making passive meas-
urements in the 5.5-pm oxygen band with characteristics as shown
in tables 2-7 and 2-8.

6



Table 2-7. !,lSU channel characteristics

Parameter Value
_

Channel frequencies 50.3, 53.74, 54.96, 57.95 GHz

Channel bandwidths 200 51Hz

NEAT 3.3 K
A-B____

Table 2-8. XSU instrument parxnetcrs
p,--y__I_._..- 1^ i__c_-_s-= x~aI-.-a.-  -_I___ -< -.,-- -.-~.-- _ ci ?_

Parameter Value

Calibration Stable blackbo3y and space ba~,k-
ground each scan c~-~:l,~

Cross-track scan angle z47.35;

Scan time 25.6 seconds

-

Yumber of steps

Step angle

Step time

11

9.47”

1.84 seconds

Angular resolution 7 .5" (3 ds)

Data rate 320 bps

2.3 Data Collection and Location Syseem (DCLsj

The Data Collection and Location System (DCLS) for the ?'~:RO'-U
NOSS series was designed, built, and furnisher: by :he C?%-lt:'e
Xaticnal D'Etudes Spatiales (CNES) of Prance, who refer to ii $.s
the ARGOS Data Collection and Loca-rion System.

Tlj e .iR ,Q;: r , ".

a means for locating 7;he position of fixed or m0v.j ',-I'"; r! ;: ‘. ;

and for obtaining environmental data from them [e 7 '_ - -3 rc

pressure, altitude, etc.). Location information z'iii!.~:  j': - ir_ ; -\

by differential Doppler techniques using dar;a obtAin<ib  :l(,rn <::.
measurement of platform carrier frequency received on the ~aI+L:iz~*
iVhen several measurements are received during a given contact svich
a platform, lccation can be determined. The enviTjr,r!t_ ‘,;- 41 3
messages sent by the platform will vary in length depei:;!iri<  I)li. ~:!e



type of platform and its purpose. A technical discussion of the DCLS and the
processing of its data is not included in this publicdeion. Detailed infor-
mation concerning the DCLS, including technical requirements for platforms and
criteria for use of the system can be obtained by writing to:

Service ARGOS
Centre Spatial de Toulouse
18, avenue Edouard Belin
31055 Toulouse Cedex
France

2.4 Space Environment Monitor (SEM)

The SEM instrument, incorporated as a subsystem in the TIROS-N/NOAA  A-H
satellites, consists of three independent components designed and built by
Ford Aerospace and Communication Corporation. The instrument measures solar
proton, alpha particle, electron flux density, energy spectrum, and the total
particulate energy disposition at the altitude of the satellite.

The three components are:

a. Total energy detector (TED)

b. Medium energy proton and electron detector (MEPED)

C . High energy proton and alpha detector (HEPAD).

This instrument is a follow-on to the solar prcl1.&)ij  rnonitr>? [S/zii 
The new instru)Gept  rf1od.f  ii;l:-  :b,,: -)Pt<

capabilities and adds the monitoring of high energy prolor;ls and til;,,..-,  ft.!;,.
The package also includes a monitor of total energy cieposition  in'ir :.\I? il[Jp6?a-

atmosphere. The instrument augments the measurements ileing made 1,;~  i-:(3Afi,'s
Geostationary Operational Environmental Satellite (GOES). The iast ilE2AD on
the NOAA Polar Orbiting Satellites was flown on NOAA-?, launched on June 23,
1981. The remaining HEPADS were transferred to the GOES progrc;n "or. f iig;rts

on GOES D, E, F, and G.

A technical discussion of the SEM and the processing of it? [rata !j  not
included in this publication. Information can be obt&"nori bq co:ltac-ting:

U.S. Department of Commerce
National Oceanic and Atmospheric Admini5?.r,::.lon
Environmental Research Laboratory
Space Environmental Laboratory
Boulder, Colorado 80303

3. Direct Readout Data Transmission Service

As mentioned previously, three separate real-time data services are
available from the TIROS-N/NOAA series direct readout ja!_el!ites. The data
flow for these services, on board the spacecraft, is shown in Figure 3-,!.:
their characteristics are described in Table 3-1.
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Table 3-1. Real-time data transmission characteristics

System Characteristics

VHF, AM/FU 2.4-kHz subcarrier

S-band, digital, split phase 665.4
kbps

DSB (includes low-bit-rate VHF, digital, split phase 8.32
instruments such as TOVS) kbps, keyed PSK (Phase Shift Keyed)

3.1 APT Transmission Characteristics

Video data for transmission on the APT link (output at the rate
of 120 lines per minute) are derived from the XVHFLR high resolu-
tion data.

The digital outputs of two selected AVHRR channels are processed
in the manipulated information rate processor (M1R.p) to reduce the
ground_resolutioa (from 1.1 km to 4 km) and produce a linearized
scan so that the resolution across the scan is essentially uniform.
After digital processing, the data are time multiplexed along with
appropriate calibration and telemetry data. The processor tijen
converts the multiplexed data to an analog signal, low-pass filters
the output, and modulates a 2400-Hz subcarrier. The nax-bum sub-~
carrier modulation is defined as the amplitude of gray sca3r xzclge
number eight (see figure 3-3), producing a modulation intiex of
87 L 5 percent.

Tables 3-2 through 3-4 and figures 3-2 through 3-4 identify the
pertinent APT characteristics.

3.2 ERP? Transmission Characteristics

111 spacecraft instrument data are included in the HWT trans-
mission.

Output from the low data rate system, TIZIOS information yroces-
sor (TIP) on board the spacecraft is multiplexed with the X'EEW
data and becomes part of the HRpT output available to User::. a”r_le

10~ data rate system includes data from the three instruments of
the TIROS operational vertical sounder (TOVS)! the Solar 3ackscatter

U1traviolet  Radiometer (SBW/2) and from the space environment
monitor (SEM),
the spacecraft

the Data Collection and Location Syst- (DGES),
housekeeping telemetry.

and

General characteristics of the HRPT system appear in table 3-5.
-
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Table 3-2. AFT characteristics

Line rate 120
(lines per minute)-

Data resolution

Carrier modulation

Transmit frequency

Transmit power

4 ti nearly uniform

Analog

137.50 WI2 for VTX-1 or
137.62 MHzfor VTX-2

G watts nominal

Transmit antenna
polarization

Right hand circular

Subcarrier frequency

Carrier deviation

2.4 kHz

*17 kHz

Ground station low 1400 Hz 7th order
pass filter linear recommended

Synchronization 7 pulses at 1040 pps.
506, duty cycle for channel
A; 7 pulses at 832 pps, 60%
duty cycle for channel E

3.3 HRPT Format

The HRPT format provides a major frame made ,lp ,::f :LT”~~‘: <iin::
frames. The AVHRR data are updated at the miuoc .,r2'1(' a ,) C? '_ ;: I 1 :

the TIP data are updated at the major frame rate ;rh?t 1s. .i h E:

three minor frames that make up a major frame wi"si .:cxtain 1 e
same TIP data. The HRPT is provided in a split-phase .iC<.)rij.I..'.  L .b
the S-band transmitter. The split-phase data, (1' i_ s de i"l i r-2  > * t-z :I 5

positive during the first half of the bit period 7 Li : i ,: . ‘: .:

during the second half of the bit period. The s.,] .i. P'.~ :!: rl:, ,-t

(0), is defined as ne.gative during the first ai4.l ? c,f .it B k:i .I( fI:‘t “JY

and positive during the second half of the bit pes-:sA. ']'kje  &ii i'

critical parameters are given in table 3-6 and i.he tiY>'I minor
frame format is shown in figure 3-5.

Specific characteristics of the HFPT transm1.=.%‘lor;  ~~,~~,:':~ ire
detailed in table 3-7.

II-rev.



Table 3-3. APT transmission parameters

Type of transmitted signal VHF, AM/FM
2.4-kHz DSB-AM
1.44-Hz video -

System output

Frequency, polarization

EIRP at 63O from nadir

Antenna

Gain at 63" from nadir

Ellipticity 4.0 dB, maximum

Circuit losses

Transmitter

Power

Carrier modulation index

Premodulation bandwidth
*0.5 dB

Frequency stability

137.50-MHz right circular
polarization

or
137.62-MHz right circular

polarization

33.5 dBm worst case
37.2 dBm nominal

-0.5 dBi, right circular
polarization

2.4 dB

5.0 watts minimum

rt17, '-0.85 kHz

0.1 to 4,8 kJllz

+2 x ao-5

Subcarrier modulator

Subcarrier frequency 2400 kO,3 Hz

Subcarrier modulation index 87 &5,c,

Post modulator filter, type 3-pole ETA-~*-e::worth
3-dB bandwidth 6 kHz, minimum

-

Premodulator filter, type 3-pole Butterworth-Thcmpsoa
3-dB bandwidth 2.4 kHz, minimum

12



Table 3-4. APT format parameters

Frame
Rate
Format
Length

Line
Rate
Number of words
Number of sensor channels
Number of words/sensor than.
Format
Line sync format

Word
Rate
Analog-to-digital
Conversion accuracy

1 frame per 64 seconds
See figure 3-3
128 lines

2 lines/second
2080
Any 2 of the 5; selected by command
909
See figure 3-2
See figure 3-4

4160 per second
The 8 MSB's* of each lO,-bit
AVHRR word

Low-Pass Filter
Type
3 dB bandwidth

3rd order Butterworth-Thompson
2400 Hz

*!,1ost significant bits (MSB)

Table 3-5. HRPT characteristics
--~_ I-_,_ .---

Line rate 360 lines/minute

Carrier modulation Digital split phase,
phase modulated

Transmit frequency

Transmit power

EIRP (approximate)

1 6 9 8 . 0  UHz* or
1707.0 UHz

8 watts nominal

39.0 dBm

Polarization

Spectrum bandwidth

Right hand circuia:.

3 dB bandwidth of 2 c! ,%I is

-_

*1702.5-UHz  left hand circular polarization available
in the event of failure of the primary frequencies.

13-rev.





ONE
COWLETE
APT
FRAME

74! a.
CHANNEL. A r2e

VIDEO LINES
tliANNt~  B

ViDEO

TELEMETRY FRAME A 1

I I
1 12 I 3 I1 4 i 5 1 6 8

I ._ _..-.. A.. -. -I

ONE
COMPLETE
TELEMETRY
FRAME

i
-W - YOOULATION  INDEX

Figure 3-3. APT frame f orr?tL  t:





Table 3-6. HRPT parameters

--

Vapor  Frame
Rate
?Iumber  of TinOr frZE@s

2 fps
3

Yinor Frame
Rare
?!umbcr of words
Format

6 fps
11,090
See figure 3-5

Word
Rate
Number of bits
Order

Bit
ilate
Format

665,400 bp:.
Split shase

Data 1 definition
Data 0 definition

66,540 words per second
10
Bit 1 - MB*
Bit 10 = LSB*"
Bit 1 transmitted first

'USB - tiost significant bit
**LSB - Least significant bit

Table 3-7. BRPT transmission paramer-~+rs

-_--
Type of transmitted signai S-band phase modulated

Split phase
665.4 kbps

System output

Frequency & polarization

EIRP at 63' from nadir

Antenna

Gain at 63" from nadir

Ellipticity

T-ansmitterA_

Power out

!dodulation Index

1698.0 !&Ez right hand ci?clrlar
170'7.0 MBz right bad ciroular
1702.5 MHz* left A4:rnd  ci~.cu.la~'

36.8 dBm worst cafe
40.4 dBm nominal

2.1 dBi, minimun

4.5 dB, maximum

5. 25 watts mi5:.~ti

Premodulation filter, 5th order, 0.5' cq~~i:;pplr  ;ihaae
type 3 dB bandwidth 2.4 UBZ

Frequency stability =2 x 10-5

*sot planned for ERPT use uniess 169% and EO'i-?dHz transmitters
have failed.
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3.3.1 Detailed Description of HRPT hiinor Frame Format

While figure 3-5 shows the identification and relative location
W of each segment of the HRPT minor frame, a detailed description

of each of these segments appears in table 3-8. Bit 1 is defined
as the most significant bit (MB) and bit 10 is defined as the
least significant bit (LSB).

3.4 DSB Transmission Characteristics

The TIROS-N/NOAA DSB contains the TIP output. These data are
transmitted at 8.32 kbps, split phase at either 136.77 or 137.77
iMHz linearly polarized. Transmission parameters are summarized
in table 3-9.

The TIP output on the DSB contains a multiplex of analog house-
keeping data, digital housekeeping data and low bit rate instrument
data. The key parameters of the data format are contained in
table 3-10. A detailed description of the TIP %:~:arle format- is
given in section 3.4.

3.5 TIP Data Format

The format of a TIP minor frame is shown in figuie 3=,6 lYh,<
figure identifies the relative location of the instrument ilctta
within each TIP minor frame. A detailed description of a TIP
minor frame is given in table 3-11.

- Each TIP minor frame is composed of 104 eight-bit words. Bit i
is defined as the most significant bit (MB) and bit 8 is defIn(?c"
as the least significant bit (LSB). This format is retained I ',P
the DSB. When the TIP data are multiplexed into the Y:'T* ri;atii,
stream, two bits are added to each TIP word. This j.2; :I. yc‘i- : tie,‘,

under Function, TIP data in table 3-8.

These bits are the two LSB's of each lo-bit word al':., onze
removed, produce a TIP frame identical to that of ?,:li: J!;_;FI TIP

Each HRPT minor frame contains five unique TIP mino- Fr..mcs
HRPT minor frames 2 and 3 contain TIP data identici? L2 2~x1  cc:n
tained in the first HRPT minor frame. HRPT minor iram~~ i, 2, ai;4il
3 can be identified by examining bits 2 and 3 of ri:r: y,tiCrl 7 ,yS
the 103 word header, as previously defined in tab'?,* '? ., 1 /
further discussion of the TIP minor frame format v:.:!~  :ssi:!‘: ;..,
the TIP data have been eliminated from 2 of the 3 ..$ ,'I' !;I (
frames and that the 2 extra bits have been removed flor,, ,ri,~c!
lo-bit word of the remaining TIP data.
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Table 3-9. DSB transmission parmeters

Type of transmitted signal VHF, phase modulated, split phase -
8320 bits per second

System output

Frequency
EIRP

Antenna

Gain at 63" from nadir
Gain over 90% of sphere
Polarization

Circuit Losses

136.77 or 137.77 MHz
+19.0 dBm worst case; +24 dBm

nominal

-7.5 dBi, minimum1
- 18 dBi, minimum1
Linear

3.7 dB

Transmitter

Power 1.0 watt minimum
Modulation index k67.5 with a 7.5" tolerance
Premodulation filter, type 7-pole linear phase filter

3-dB bandwidth 16 kHz minimum, 22 kHz maximum
Frequency stability +2 x 10-5

.

1Observed  by an optbun polarization diversity receiver.

Each TIP minor frame contains information identifying the major
and minor frame count. The major frame counter is located io bits
4, 5, and 6 of TIP word 3 and cycles from 0 to 7. The minor frame
counter is composed of 9 bits. ZvlSB is bit 8 of word 4, ard ?:h*-?
LSB is bit 8 of word 5. The minor frame count will cycle bcst;r.-?en
0 and 319 for each major frame count.

A 40-bit time code
every 32 seconds.

is inserted into the TIP data stream once

These bits will be located in words 8 thru 12 a.jf ear;:1 mi~tor
frame 0. The format of this time code is as fo.l.‘!.~%~

_.~_ ._  li  i;_=- - ._I- __j.I. . ..-

9 bits Z';!.=b  .! -i-",
day count 0 1. 0 1 millisecuaos  of

day count

4 spare bits

- i - - I
-
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Table 3-10. DSB TIP parameters
-V-m

Ma.jor Frame

Rate 1 frame every 32 seconds

Number of minor frames 320 per major frame
m

Minor frame

Rate 10 frames per second

Number of words 104

Format

Word

Rate

See figure 6

1040 words per second

Number of bits

Order

Bit

8

Bit 1 = MSB
Bit 8 = LSB
Bit 1 transferred first

----_.x-E.-.

Rate 8320 bits per se~r:ol~d

Format Split phase

Data 1 definition r 1 I

1 I 1

Data 0 definition
M- F-=-A > >- ., ~. E:~
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Table 3-11. Detailed description of TIP minor frame

_____yI

i-----7
F r a m e  sync
& S/C ID (3)

StaLEi  (1-j

Dwell
mode
address (l+)

Y1nor frame
counter (I*)

CtXNIlUl~
verlficatlon
(2)

Time code
(5)

3.2 - Sec.
digltal B
subcom (1)

x-set  analog
subcom (1)

.Word
pcJslt:cl"

0
7

2

3

3
4

4
5

6
7

6.9
9

9.10.11.12

a

9

1110110i The 1asK 4 bits of
1 1 1 0 0 0 1 0 word 2 are used for
OOoo~A~‘~ soacecraft ID

BlK 1. C-d. verlflcar;on (CV status.
1-U uedate word present 1"
frame; O-no CY update I" frame.

nits TIP StatUS. OO=orbltal mode
2 & 3: lO-CcpU  memory

Dump mode
I

01.dwell mode
11 boosr mode. i

Bits !.kJOr fra‘,,e  count: :!SB :1rr;

4 - 6. Counter Incremented ever?320 alnor frames.
OOO=maJor frame :

/

lll=maJor  f r a m e

Bits 9-bit dwell mode adaress of
7&a analog cnannel that 1s belnq
Bits monltored  cont:nuou~l~. !lsa
I-7 1s first !

o 0 0 0 0 0 0 '3 0 = Analog ch 01Oi 1 1 0 i 0 1 - Analog ch 383 !
r-.-_- - L1_

Bit 6 0 0 0 0 0 0 0 0 0 - Ylnor frame i, ?

81~s : 0 0 1 1 1 1 1 1 - HInor frame
l-6 313.MSB ‘s ftrst.

- -. ..?, 1i
91r.3  9 zhrough 24 of each received command I
word are slated I" the 16-bit slots of
telemetry'words 6 md 7 on a one-for-one

only in mm02 frame 0 of every ma;or Ora.~e.
The data Inserted 1s referenced co zne
beglnnlag  of the firs% bit of the alnor
frame Sync word of ~11lor irvle 0.

A subcomauratlon  of discrere :npurs colle qua.
to foi’m 8-bit words. 256 discrete rnput:
(32 words) can be accommodated. :t takes
32 nnnor frames to sample all ~npurs  3nc-z
(sampling rate = once per 3.2 set:. A ma.Jor
frame contains  10 compiete digl:al 9 sub-
commuted frames.

A subcorrutatlon  of up to 192 analog ?o~nrs
sampled once every 32 seconds plus 64 analog
polnrs sampled trlce every 32 seconds 'once
every 16 seconds). Bit 1 of each won reprr.
sents 2560 mv while bit 6 repr?SentS  i '(.'

- -
-. _T h e s e  two subcorns  are unaer rrogramr,~:~~ :eaa
Only !4emory control. 4 maximum of 126 rnalog
points can be placed :n ?he 169 S~JPC,. super
commutation  3r some selected Ana,-g -', ~~YY __
is done to fill the 169 rune  slots. 1: " i'
slot is filled with data from the a:,,'
selected by command. The slot 1s n-t,:, I'̂ ' 'I:':"
zero of the one-second subcom. The "Z
point may be any of tte 364 analog , > ii
avallable. Bit 1 of each word r~pr.  sL “. 2bL,! i
m” while bit 6 represents SO w.

--y._I  __A
l l!lv mrllrvolts
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Table 3-11 (continued)

an  S-word u b c o m  which 1s r e a d

Satellite  d a t a

experiment  a n d  r e a d  o u t  b y  t h e  T e l e m e t r y
aa a v e r a g e  r a r e  o f  6 0  w o r d s

,--~_- ..C^  =--_
Sb% sefl.cor

a n d  r e a d  o u t  b y  t

CPC B TLH

.k-_--L1

_,nree 16-bit CX rord,

,(_ .- --a

Ol=All  C P U - A  d a t a  received.
mu-a  Lncomplere

lo-All C P U - B  d a t a  r e c e i v e d ;
CPU-A 1ncomp1ere

l:=Both  CFU-A and  C : ‘ :  .B

_- - -.__u~  .._

rlty c h e c k  o n  aot4s II,

E v e n  parity check  on  wo.“: 3C
through S2
Even parity cnec~ on  words 33
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The day-counter has the capabiiity of updating through da>, ,711
before being automatically reset. In practice, however, SESS
manually resets the day counter to 1 on Jan. 1 at 0000 GXT.

4. CREATION OF INSTRUlMENT DATA BASES

The information necessary for the location of specific instru-
ment data, its extraction from the DSB or HRPT, its arrangement
according to instrument scanning geometry, and the identification
of calibration and Earth view data is provided in this section
for the TOVS and AVHRR only.

4.1 HIRS/2

Each TIP minor frame contains 288 bits of HIRS/2 rad.iometric
and telemetry data (36 TIP words). This information is con? ~fn~.!i
in TIP words 14, 15, 22, 23, 26, 27, 30, 31, 34, 35, 38, 39, 42,
43, 54, 55, 58, 59, 62, 63, 66, 67, 70, 71, 74, 75, 78, 79, 82,
83, 84, 85, 88, 89, 92, and 93 (see figure 3-6).

The HIRS data contained in each TIP minor frame are defined as
an element. The identification and location of the data for each
element is shown in table 4-l. A HIRS line is composed of 64
(O-63) successive elements and the extraction of HIRS data GOT'
the creation of a line should begin on minor frames I.. 6:) '1 ;;, "

193, or 257 of each major frame.

Bits 27-286 of elements O-62 contain 20 thirteen-bi;: %.~a i+c-?s,
Each word is composed of 12 bits of data and 1 sign bit, The
sign bit is the MSB and when set to 0 indicates that the l:alue
of the 12 bits of data is negative.

Twenty words of data from elements O-55 contain the ,ligiLized
radiometric signal outputs of all 20 channels, for a si:igje sc;,:i
mirror dwell position (one IFOV). The radiometric channel number,
with respect to word location, is shown in table 4-2. The 20
words of data in elements 56-6 2 contain housekeeping and ancillary
instrument data. Elements 58 and 59 contain thermistor data
necessary for determining internal cold and warm target %emI>era-
tures (ICT, IWT).

During normal operation, the HIRS/2 instrument repeats a cali-
bration cycle automatically, once every 40 lines (256 ;c:: .I
calibration cycle is one line of space-view radiometrbL da,* .I:!-:
line of ICT radiometric data, and one line of IWT radioinet! i.i t? 4 /, j

This is followed by 3 7 lines of Earth scanned data.

The lines'containing space and internal target data can b,; lde::,
tified by examining the line count provided in element 63, b1.t~
27-39, or by the value of the encoder position, element Q-53 hitc:
l-8, (table 4-l). A line count of 0 indicates space f I .I ,.dic-
cates ICT, and 2 indicates IWT. Line count value 0; i-:-:-i ::. $.Lcates
the following 37 Earth view scan lines.
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Table 4-1. HIlsS/Z digital A data outpur

Element O-55

Bit 1-8

Bit 9-13
Bit 14-19
Bit 20-25

Bit 26
Bit 27-286
Bit 287
Bit 288

Element 56-63

Bit l-26
Bit 287, 288

Element 56

Bit 27-286

Element 57

Bit 27-286

Element 58

Bit 27-91
Bit 92-156
Bit 157-221
Bit 222-286

Element 59

Bit 27-91
91t 92-156
Bit 157-221
Bit 222-286

Element 60

Bit 27-81
Bit 92-156
Bit 157-221
Bit 222-286

Element 61

Bit 27-91
Bit 92-156
Bit 157-221
Bit 222-286

Element 62

Bit 27-39
Bit 40-52
Bit 53-65
Bit 66-78
Bl: 79-91
Bit 92-104
Bit 105-117
Bit 118-130
Bit i31-143
Bit 144-156

Encoder position
(I-56=Earrh view, 68=space, 105=ICT,  156=IWT)

Electronic cal level (O-31)
Channel 1 period monitor
Element number

(1 less than encoder value for Earth views)
Filter sync designator
Radiant signal output (20 ch x 13 bits)
Valid data bit
Yinor word parity check (odd parity)

Same as above
Same as above

Positive electronic cal. (cal level advances one
of 32 equal levels on succeeding scans)

Negative electronic cal.

Internal warm target el, 5 times
internal.warm  target *2, 5 times
Internal warm target +3, 5 times
Internal warm target $4, 5 times

Internal cold target $1, 5 times
Internal cold target 62, 5 times
Internal cold target 33, 5 times
Internal coid target 64, 5 times

Filter housing temp. ?l. 3 times
Filter housing temp. 1'2, 3 times
Filter housing temP.'tt3,  5 times
Filter housing temp. $4, 5 c1nle.r:

Patch temp. expanded, 3 times
First-stage temp., 5 times
Filter housing control power ,'temp., 5 times)
Electronic cal DAC, 5 times (counts)

Scan mirror temp.
Prrmary telescope temp.
Secondary telescope temp.
Baseplate temp.
Electronics temp.
Patch temp. - full range
Scan motor temp.
Filter motor temp.
Cooler housing temp.
Patch control power
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Table 4-1. HIRS/2 digital A data output (continued)

Element 62 (continued)

Bit 157-16"
Bit 170-152
Bit 183-195
Bit 196-208
!31t 209-221
Bit 222-234
Bit 235-247
Bit 248-260
Bit 261-273
Bit 274-286

Scan motor currcnr
Filter motor current
+15 i'dc
-15 Vdc
+7.5 Vdc
-7.5 Vdc
+lO Vdc
+3 Vdc
Analog ground
Analog ground

Element 63

Bit 27-39
alt 40-q:
Bit 42-44
*Bit 45-32
Bit 33-37

*Bit 58-65
Blr 66-78

31t 79-91
alt 92-104
91t 105-117
Bit 118-130
61t 131-143
B1t 144-156
Bit 157-169
91t 170-182
B1t 133-195
alt 196-208
Blr. 209-221
Blr: 222-23-J
Bit 235-247
Bit 248-260
Bit 261-273
Bit 274-286

*3it 43
=9:t 46
*31t 47
*Bit 48
*Bit 19
*8x 50
'311. 51
'91~ 52
*Bit 58
*31t 59
*Bit 60
*31t  61
‘Bzt 62
'31t  63
-itit 64
*Bit 65

Line count
Fill zeros
Instrument serial number
Command status
Fill zeroes
Command status
Binary code (1,1,1,1,1,0,0,?.0.0,3.i,~~~

13ti :!j (base 10)

Instrument ON/OFF
Scan motor ON/OFF
Filter wheel ON/OFF
Elecrronlcs  ON/OFF
Cooler heat ON/OFF
Internal warm tgt. position
Internal cold tgt. position
Space position
Naclr oosition
Calibration enabieidisable
Cover release enable/disable
Cooler cover open
Cooler cover closed
Filter housing heat QNjOFF
Patch temp. control OX/OFF
Filter motor power HIGH

*Command status bits
NOTE:
Each data sample is a 13-bit word with the !!SB :)e~y,~ r ?<I: r31gn  ‘,LL
The sign conventron is such that 1 1s positive ;ii.A 3 !: ~c?c;a:’  :’
The exceptions are the 1 ice numoer and cormnand  ‘-;? .:!l:- 'f:)rds ok
element 63.

7.1443

-1522
-1882
-1631
-1141
-1125
-3655
-2886
-3044
-3764
-3262
-2283
-2251
~3214
Cl676
-1993
ON = i
ON = 0
ON = c
ON = !
ON = il
TiUe = 0
Tr*Je = 0
True = 0
True = 0
Enabled : L
Enabled 7 ,_
Yes = 1
Yes = i
ox = -i

CN = ij
Unrmal = 1
_...%_ .._ .
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Table 4-2. HIRS/2 channel word location

Word Nominal central Radiometric channel
location wave number (VC> number

1 668.4 1

2 2360.6 17

3 679.23 2

5

691.12 3

2190.4 13

6 703.56 4

7 2511.9 18

8 1363.7

1 0

11 897.71 8

2671.2

12 14367.0 20

13 1217.1 10

14 2212.7 14

15 721.28 6

16 716.05 5

17 2240.1 15

18 1484.4 12

19 2276.3 16

20 1027.9 9

-
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A secondary mode of operation of the EiIBS/2 is possible where
the automatic calibration cycle is overridden by ground command,
During this mode, the calibration data normally found for line
count 0, 1, and 2 will be replaced with Earth view scan data.
Under these conditions, channel gains and intercepts can be derived
as a function of the housekeeping parameter data contained in
elements 60-62. Should this mode ever be exercised, NESS will
supply the necessary coefficients as a supplement to this document.

4.2 MSU

Each TIP minor frame contains four 8-bit words of MSU data,
These data are located in TIP word positions 24, 25, 40 and 4-i
(figure 3-6). Each two words (e.g., 24 and 25), when taken as
one 16-bit word, represent one data sample of either telemetrv or
radiometric output data. ,411 future reference to MSU data wo%-ds
will assume a word size of 16 bits.

One scan line of MSU data will contain 512 data words; however,
only 112 of these words contain "real" MSU instrument output data.
The remaining 400 words are zero filled. The real data are iden-
tified by examination of the MSB of each word. If the value of
this bit is equal to 1, the word is real and should be included
in the 112 words of valid MSU data.

The identification and relative position of the 112 words ol
MSU data are shown in table 4-3, and the formats of the data words
are shown in table 4-4. Within the 512 words, real data will be>
grouped in eight consecutive words. These eight words contail:
the data accumulated during one dwell position (one IFOV). Ea;:t
IFOV contains four words of radiometric data (one word per than
nel), and four words of ancillary data. The first eleven IFOV'.%
contain radiometric Earth view data respectively, and IFOV 14
contains no usable radiometric data. Associated with each dwell
position is a scan angle value that is encoded in word eight of
each IFOV. (See E bits in table 4-4.)

Because of slight variations in scan positioning from line-to-
line, it is necessary to define several acceptable scan angle
values for each scan dwell position (IFOV). The acceptable values
are shown in table 4-5. These position variations are negligib'e
for all practical purposes.
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I FOV

1

2

3

5

6

7

8

9

70

11

12 (SPACE1

13 (INTERNAL
TARGET)

14 (SCAN TO
IFOV 1)

Table 4-3. MSU scan line format

- RADIOMETRIC DATA

1 2 3 4 5 6 I 7 0

4oJ -DlCKE DICKE

XTAL
LOAD LOAD
, 2

2+ TEMP TEMP
48J DICKE DICKE

LOAD LOAD
XTAL 3 4
2- TEMP TEhlP

66
PRT PRT

XTAL 1A 18
3+

64J
PRT PRT

XTAL 2A 20
3-

EARINQBEARING
4+ TEMP /TEMP I I

Bo]

XTAL MOTOR MOTOR
4- TEMP TEMP

661

-16 RF RF
VOLTS CHASSIS CHASSISI

96J
PROG PROG

5 TEMP T N P t 7

107j 106
CH CH

E PROG PROG 1 2 3
ZERO TEhlP TEMP

4 x
REF REF AEF REF SCANCN.--
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Table 4-4. ,MSU bit formats for each IFOV

Typical format for all words except word 8

MSB LSB
(bit bit

16)
11 B ZDDDDDDDDDDD;

D = Data
Z = 1 when in zero reference disable mocae s

0 at all other times
t= 0 for the first seven words

= indicates it is the first word in a scan;
0 for all other words

1 = indicates that the word is a real word;
0 occurs only for an all-zero word -WV

Scan position - line count, word 8

MSB
bit

LSB
bit

16
1 OlZSRRREEEEEEEk

Scan angle (position) data
Scan line count (reset by 128-set sync;
1 when in scan disabled mode;
0 at all other times
1 when in zero reference disable mode:
indicates that this is the 9th vord i.n

the scan position
= indicates that this is not the fT~si;

xord in a scan
indicates that the word is a rr:a_L .;4arr’;
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Table 4-5. Acceptable scan angles

IFOV Scan Angles

1 and 14 83, 91, 90
2 94, 95, 31
3 24, 26, 27
4 20, 21, 17

: '1, 4,8, 10, 1:
7 46, 47, 15
8 35,
9

42, 43
38, 39, 36

10 48, 49, 53
11 60, 57, 56
Space (12) 163, 162, 171
1nterr.a.l target (13) 200, 201, 202

Formation of the 112 words of MSU data must start when bit 15
has a value of 1 indicating that this is the first word of a scan
line. The timing of the output of MSU data, relative to the TIP
minor frames, varies slightly. Consequently, an MSU scan line
will start at one of the TIP major/minor frame counters listed
below, or within two minor frames thereafter.

TIP major frame Minor frame

0 19
0 275
1 211
2 147
3 83
4 19
4 257
5 211
6 147
7 83

4.3 ssu

Each TIP minor frame contains six 8-bit ,~ords of SW GL.~I,  Xc;-
cated in word positions 16, 17, 32, 33, 76, and 77. E:..ct: : JO
words (e.g.,, 16 and 17), when taken together 2.:; .;)u~ J6--hi~ ~~orad:
represent one data sample of either telemetq 01‘ rad>i,metr-i.c  tl;xza.
Thus, each TIP minor frame contains three SSU data words. The SSU
data word contains 12 bits of information, Ze,ft justZ:fied,  within
each 16-bit word. The lower order four bits are da-La j:rlue 0,
Before processing, the 12 bits of data should 5e right shif:;t:d 4
bits. This can be accomplished by dividing each f6-bit data word
by 16. Further discussions of SSU data will assume a 12-bit word.
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An SSU scan is 32 seconds in duration (1 TIP major frame or 320
TIP minor frames) beginning at each minor frame 0. The SSU pro-

vides a complete sampling of data every second. Recalling that

each TIP minor frame is 0.1 second in duration, and that each
minor frame contains three SSU data words, this provides 960 <1ata

words per scan, at a rate of 30 words per second. Each second of

data (30 words) contains two radiometric data samples for each
channel. The radiometric data samples for channel 1 are located
in words 16 and 28, for channel 2 in words 17 and 29, and for
channel 3 in words 18 and 30. The identification of the 3C SSU
words is shown in table 4-6.

Digital words 1, 2, and 3 in table 4-6 are described as ?c:J.~,~w>~
In digital work 1, bit 1 (LSB) identifies the mirror -,ynchrc~n~:~.xs
recovery status, and is normally 0. Bits 2-12 compri,:;e an 3.e..!-).it
second counter that is reset to 0 at the beginning nf i-.kr .;pa~:e
view.

Table 4-6. 30-word SSU data sampling
(repeated 32 times per SSU scan) mc1_-,.--

SSU Data

Digital word 1
Digital word 2
Digital word 3
Space port temperature
Earth port temperature
PMC bulkhead temperature
Detector temperature
Black body thermistor
Black body thermistor
Cell temperature ch 1
Cell temperature ch 2
Cell temperature ch 3
Base plate temperature
Middle bulkhead temperature
Optics baseplate temperature
Radiometric sample ch 1
Radiometric sample ch 2
Radiometric sample ch 3
Thermistor reference
Mirror fine position
Black body PRT
P!AC -Amplitude ch 1
PMC .Implitude ch 2
P31C Amplitude ch 3
ADC calibration 5% of full scale
ADC calibration 506 of full scale
ADC calibration 90% of full scale
Radiometric sample ch 1
Radiometric sample ch 2
Radiometric sannie ch 3



Digital word 2 contains instrument configuration information as
defined below:

Bit 12 (MSB)
11
10
9
8

7

6

5

4

3

2-l

Power on/off ('1' = on)
Mirror inhibit on/off ('1' = on) -
Calibration mode auto/manual ('1' = manual)
Calibration verification (normally '0')
Mirror in position space view

('0' if in position)
Mirror in position blackbody

('0' if in position)
!dirror in position Earth view 1

('0' if in position)
IMirror in position Earth view 5

('0' if in position)
Mirror in position Earth view 8

('0' if in position)
Mirror position correct (fine position sensor)
yes/no ('0' = yes)

Channel identification for frequency reading
00 = channel 3 (1.4 mb)
01 = channel 1 (14 mb)
10 = channel 2 (4 mb)

Digital word 3 contains information necessary for evaluating the
pressure modulated cell (PMC) channel frequencies. A data value
will be inserted into this position once every 32 seconds, This
will occur at minor frame C of each major frame. Word 2, 5:r-f-5;  1
and 2, must be used with word 3 for proper identification of the
PMC being sampled. -

An SSU scan line consists of eight, 4-second Earth/cali;z;~,?  i or
dwell periods. During each dwell period, eight r a~ j. om e 1. 2' i CT ~1 B r, a
samples are taken for each channel (2 per second).

These eight radiometric data samples require addlti(1,nrLl p:':>cess-
ing to derive a final radiometric data value for a gi;‘kn :I~:\::11
period.

During normal operations, the SW instrument repeats a -al..ibr:?"-,
tion cycle once every eight lines (256 seconds). A !.*a!.ibrat ion
cycle consists of one line of data, beginning at TIP major frame
0, minor frame 0. This line contains radiometri.1; da.%--J, ::c"~h,J e:,
taken while the instrument views space and the in-i;errla_! cl-i,lL~>rz  ’
tion target. The remaining seven scan lines contain radior~::~riC
Earth view data samples.

4.4 AVHRR

The AVHRR data are located in two sections of the RRPT minor
frame. The radiometric calibration data and telemecru; :*. c 5 <“, y : ,iR. ;, 1.0 n_.
are contained.in the 103-word header. The radiometric Ea?xtL view
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data are located in that portion of the minor frame labeled AVHRR
VIDEO (figure 3-5, section 3.2). Each minor frame contains a com-
plete scan line of AVHRR data from all five channels. The XVHRR
video data are located starting at HRPT word 751 and contains

- 10,240 words (2048 ten-bit words per channel). These data words
are multiplexed sequentially into the video portions of the minor
frame according to table 3-8. Every five words represent one
simultaneous radiometric sample from each of the channels.

Space data and internal target data, required for calibralion
of the IR channels, are located in the header portions of the
HRPT minor frame (figure 3-5). The order in which these data. are
multiplexed is shown in table 3-8, section 3.3.

4.5 Scan Timing and Geometry

The purpose of this section is to provide the user with the
information necessary to establish the timing and scan geometry
relationships between the TOVS instruments. The timing selatico-
ships are shown in table 4-7.

The start time of each instrument scan line can be derived by
using the TIP 32-second time code that was described in section
3.4. Table 4-8 identifies the start of each instrument scan ?.j.ne
relative to that t~ime code.

This table also identifies the major and minor frame numbers
that correspond to the start of each scan line. Noted that the
minor frame counters corresponding to the start of each sitar, are
not the same for each instrument. For example, at the time cor-
responding to ma.jor frame 0, minor frame 0 (TC(O/C) in LabIi; d-s!
all instruments begin their scan sequence. However, t.he ci.,.!  .J.

that corresponds to the start of the HI%/2 scan linm ;a-~$~,::? "i:
major/minor frame O/l, for SSU in O/O, and for MS?! ir, i .S?

Since the TIP major frame count value cycles from I .I :i,
table 4-8 can be expanded by replacing major frame ~a.;~_~c: ii, I, 2,
and 3 with major frame values 4, 5, 6, and 7 respec+;.,Il 'L

Table 4-7. Instrument scan timing parameter;%

Time between No. of Eartlj
start of each Step and view steps

Instrument scan line dwell time per line $/Y&T .._!<I?

HIRS/2 6.4 set 0.1 set 56 0.05sec
MSU 25.6 set 1.893 set 11 0.99 bet
ssu 32 set 4.0 set 8 2 SPC

-. _>_.-.> .-
*ATime - the difference between the start of each sl.*in dn(! i.~e

center of the first dwell period (see figures 4.1 arid
4.2)
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Table 4-8. Scan line timing of the TUVS instruments

Scan start
time (seconds)

*Tc (O/O)
+6.4

+12.8
+19.2
+25.6

*TC (l/O)
+6.4

+12.8
+19.2
+25.6

'TC (Z/O)
+6.4

+12.8
+19.2
+25.6

*TC (3/O)
+6.4

+12.8
+19.2
+25.6

HIRS/Z

O/l
O/65
o/129
o/193
O/257
l/l
l/65
l/129
l/193
l/257
2/l
2/65
z/129
21193
Z/257
3/l
3165
31129
3/193
3/257

TIP major minor frame
ssu ?dsu

-

O/O o/19

l/O O/275

l/211

2/O

Z/147

3/O
3/83

*TC (n/O) is the time calculated from TI%I" major fr-tie n
and minor frame 0, where n=O, 1, 2, and 3,

Note: This timing table for major frames O-3 repeats
for major frames 4-7.

Figures 4-l and 4-2 show the relationship between the scan pat-
terns of each of the TOVS instruments.

All TOVS instruments scan in the same directior%, Sun TV, &Ii-~:jun,
It should be noted that the scan direction of the AVKRR iaatri!ment
is opposite that of the TOVS instruments.

5. RADIOMETRIC CALIBRATION

In general, radiometric calibration involves exposing a racii,imct?s  1.~ :o,,;;ctis
of radiation that have been calibrated against primary or secordary  hta[:kr.ds
and determining a relationship between the output of the radiometer and tile
intensity of the incident radiation (radiance).

All the radiometers flown on the TIROS/NOAA  satellites undergo extensive  pre-
launch testing and calibration by their manufacturers to characterize thei*Q
performance. Visible and near-infrared channels are calibrated with rad'a'lion
from integrating spheres whose calibrations are traceable to the National
Bureau of Standards (NBS) in the United States. The prelaunch procedure for
these channels, carried out in air at ambient temperature, is described ful !y
in Rao (1987). Infrared channels are calibrated against precision blackbody
sources whose calibrations are traceable to NBS.
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Prelaunch calibrations of the infrared and microwave channels are carried
out in a thermal/vacuum chamber to minimize absorption of radiation in the path
between the source and the radiometer and to simulate conditions in spact:
The radiometer sequentially views the warm calibrated laboratory blttck,t,~Gg  (111
place of the earth "target"), a blackbody cooled to approximately 77°K
(representing the cold space view), and its own internal blackbodies.
Temperatures of all blackbodies are sensed with thermistors or platinulm
resistance thermometers (PRT's). Radiances for each channel can be cnmpl i‘e:
from those temperatures by the methods described in Appendix A. Data are
collected as the laboratory blackbody is cycled through a sequence of tem-
perature.plateaus approximately 10°K apart between 175 and 32O"K,  whi. h sp;lr'~s
the entire range of earth target temperatures. The entire procedure :s
carried out independently for several instrument operating temperatures  !t: 3~.
10, 15 and 20°C for the AVHRR and 5, 10, 15, and 20' for the HIRS/2)  that
bracket the range of operating temperatures encountered in orbit. The
operating temperature is represented by the temperature of the instrument's
baseplate, which is also approximately the same as the temperature of its
internal warm blackbody.

The instrument manufacturers and NESDIS independently analyze the data from
the prelaunch tests to determine operating characteristics of the instruments,
such as their signal-to-noise ratios, stability, linearity of response, and
sensitivity (ouput in digital counts per unit incident radiance). However, we
cannot expect those characteristics to be the same in orbit as Lii2y were i b?ore
launch. One reason is that the thermal environment varies with position in
the orbit, causing sensitivities to vary orbitally. Also, instrument COW
ponents age in the several years that usually elapse between tile i- me of the
prelaunch tests and launch, and the aging process continues during the Iwo oi
more years the instrument typically operates in orbit. Therefore, +he
TIROS/NOAA radiometers have been designed to view cold space and o::i‘ I;* li;ort
internal warm blackbodies as part of their normal scan sequences ir! rb t,
(The temperatures of these blackbodies are sensed by thermistor a jis i’!:T  : ,’
This provides data in the microwave and infrared channels for LL~,-~:I~, ib, s
signal-to-noise and radiometric slopes and intercepts, as will be de>cr?bed in
the following sections. Unfortunately, there are no on-board calibration
sources for the visible region; in the visible channels, we lisp ::he ~ali:~ra-,
tion determined before launch.

There are other coefficients necessary for in-orbit calsbr‘,::ion thar m!ls'!
be derived from prelaunch test data. These include the coefffi:‘.:;; CO ,,cc!\ri’.

for the nonlinearity in the AVHRR's response, which will be described in sec-
tion 5.1, and the coefficients for calibrating the temperature s-?n:oj  I ‘,i <he
internal blackbodies of the AVHRR and the HIRS/2,  described he: e.

The HIRS/2 has two internal blackbodies. The temperatures nf t,,rif I;.re
measured with four thermistors. The AVHRR has a single interna' bl.!cL.I:~.Xiy.
whose temperature is measured with four PRT's. The MSU has twc bl;,rkbodies,
one for each of the two antennas. The temperature of each blackbody is sensed
with two PRT's.
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Polynomials are used to convert the outputs of the each thermistor or PRT
to temperature, i.e.,

T = 6 aexj
j=O J h-4

where X is the thermistor or PRT output in digital counts, T is temperature in
degrees Kelvin, and aj are coefficients that are specific to each thermistor
or PRT. A set of coetficients  for each thermistor or PRT, determined by
calibration against a thermometric standard, is provided by the instrument
manufacturers.

However, if the in-orbit calibration is to be traceable to the laboratory
blackbody and thence to the NBS standard, those coefficients should relate
brightness temperature (not kinetic temperature) to counts. For the
TIROS/NOAA instruments, we achieve this by using the instrument itself to
transfer the calibration of the laboratory blackbody to the PRT's  or ther-
mistors. This process utilizes data from the pre-launch tests. The data are
analysed by ITT for the HIRS/2 instruments and by NESDIS for the AVHRR's,  as
follows:

1. The radiometer calfbration, i.e., the relationship between target
radiance and output of the AVHRR or HIRS/Z,  in digital counts, is
derived from data collected when the radiometer viewed the
calibrated laboratory blackbody.

2. The radiometer's outputs on viewing its internal blackbod<y ,lrc MC
converted from counts to radiances and then to equivalent bri@.~~>":r;
temperatures. (See Appendix A for the radiance-to-brightres:;
temperature conversion.) In other words, the radiometer !d;alP
measures the brightness temperatures of its internal blackbody.

A data set of internal target brightness temperatures vs the outputs,,
in digital counts, of the internal blackbody's PRT's  or thcrmi io*-. ,t,:
thereby assembled. The number of samples is determined by th;J -:~,!,p!~,tr  of
laboratory blackbody temperature plateaus and the number of ?~i~Litl!~~~:t;i;

operating temperature plateaus.

3. A polynomial relating brightness temperature of the internal
blackbody to PRT or thermistor output, in counts, is fitted to
the data by regression. The coefficients are the aj for Ccl- ir,i!l.

The coefficients produced in this way were used for the AVHRR's or: the
TIROS-N and NOAA-6 through -9 satellites and for the HIRS/Z's Ott “bie
TIROS-N and NOAA-6 through -8 satellites. However, for the A\IHW C)C i:he
NOAA-10 satellite and the HIRS/2  on the NOAA-9 and -10 satellites, the
original sets of coefficients, determined from the thermometric
standard, were used. The coefficients that were in use for the AVHPR's
and HIRS/2's on each satellite are tabulated in Appendix B,
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5.1 AVHRR

5.1.1 Infrared Channels Calibration

5.1.1.1 In-Orbit Calibration Procedure

The pre-launch calibration relates the AVHRR's  output, in digital
counts, to the radiance of the scene. (In pre-launch tests, the scene is
represented by the laboratory blackbody.) The calibration relationship is
a function of channel and baseplate temperature. For channel 3, which uses
an InSb detector, the calibration is highly linear. However, as channels 4
and 5 use HgCdTe  detectors, their calibrations are slightly nonlinear.

To characterize the calibration when the AVHRR is in orbit, the only
data available are those acquired when the AVHRR views space and the inter-
nal blackbody. This gives two points on the calibration curve, sufficient
to determine only a straight-line approximation to the calibration. The
linear approximation is what is applied to determine scene radiances.
Scene brightness temperatures are then derived via the temperature-to-
nonlinearity look-up table described in Appendix A. The methods for
handling the nonlinearity will be discussed later in this section.

The information required for producing AVHRR IR channel calibration
coefficients is located in the 103-word HRPT header. (See Figure 3-5 and
Table 3-8) Header words 18, 19, and 20 each contain a five-point subcom-
mutation of the outputs of the four PRT's that monitor the temperature of
the internal blackbody. Each of these words contain redundant information.
Any one of these words, when extracted from five consecutive HRPT minor
frames, produces a reference (REF)  value and one sample of each of the
four PRT's. The pattern is as follows:

HRPT minor frame Parameter sample

.
n

ntl
n+2
n+3
nt4
nt5

RiF
PRTl
PRT2
PRT3
PRT4
REF

The reference value is easily identified as it is the only output
having a count value of less than 10. NESDIS  averages 10 samples from each
PRT to produce a mean PRT count value for conversion to temperature units.
The 30 words of internal target data (header words 23-52) provide 10
samples each for IR channels 3, 4, and 5. The 50 words of space view data
(header words 53-102)  provide 10 samples each for all five AVHRR channels.
(These data are multiplexed as described in Table 3-8. NESDIS averages 50
samples of spat e and internal target radiometric data per channel to pro-
duce mean count values.
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To calculate the internal blackbody radiance, it is first necessary to com-
pute the target temperature. The conversion of PRT mean counts to tempera-
ture uses the following:

4
_j

Ti(K) =
c

aijXi

j=O

where xi is the mean count for PRTi where i=O,1,2,3,4;  aij are the coef-
ficients of the conversion algorithm; and Ti is the temperature of the
internal blackbody calculated from PRTi. For example, the conversion of
PRTl count value (x1) into temperature (K) is

2 -3 4
Q(K) = al,0 + al,lxi + ai,2xl + a1,3X1 + a1,4xl

The coefficient ai.
$

are supplied in Appendix B. The average temperature of
the internal targe is computed by

4

T =
c

biTi

i=l

Where 7 is the average of the internal blackbody temperatures (K) and hi is
the-weighting factor of each PRT (supplied in Appendix B). The conversion
of T to radiance units (N) is described in Appendix A.

Assume for the time being that the count output (X1 of each channel is a
linear function of the observed radiance (NJ, so that

where M is termed the
The quantity M (in un
from the equation

N =  MX+I,

channel slope, and I is termed
its of radiance/count) is calcu

the channel intercept.
lated for each channel

M = (NT - Nsp) / (XT - %sp)

where NsP is the radiance of deep space, NT is the radiance when the
instrument views its internal radiance calibration target, and xsp and XT
are the mean counts associated with reveral observations of space and the
internal target, respectively. The number of observations in each case is
sufficient to effectively eliminate the residual variances in NT and XT as
contributors
( I) is calcu

to the uncertainty in the derived value of M. The intercept
lated for each channe 1 from the equation

N5P - M%PI =
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The non-linearity in the calibration is accounted for through the addi-
tion of a correction term to the brightness temperature of the scene. The
appropriate correction term is determined by interpolation in a table of
correction terms vs. scene brightness temperatures specified at 10 degree
intervals between approximately 200 and 320K. The corrections, also
functions of the AVHRR's  internal blackbody temperatures, are made
available in Appendix B for internal blackbody temperatures of 10, 15, and
20C for each channel. The appropriate correction is determined by inter-"
polation on the internal blackbody temperature. The derivation of the
corrections is described in Section 5.1.1.2.

It should be noted that the updated versions of Appendix B cnrrespondrng
to NOAA-8 and earlier did not use the procedures outlined above, The
variation in the non-linearity correction with internal blackbody  temperature
was not allowed for, and a negative radiance of space, Nspy 'qas infrnGlrced  to

rature errors in the range 225-310K.minimize tempe

5.1.1.2 Non-L inearity Corrections

To account
of this report

for nonlinearities, NESDIS provides corrections iz Yho  4pp:tidij  b
that are added to the scene brightness temperatures  c~pu!~:ti  Ir!jrn

the linear calibration. The corrections are tabulated against scene ter~oer  It;ire.
and there is a separate table for each channel and each baseplate:  teilloei,ai#li-c.
The tables are derived from the pre-launch test data. as fn!:nii:\

a. A quadratic is fitted by least squares to the scene radiance ~5.
AVHRR output count data.

b. The quadratic equation is aplied  to the AVHRR resoonse, in co~~,rts
when it viewed its internal blackbody. This determines LIC ,...:iiidl.  : I:,
the internal blackbody. In effect the AVHRR itself i!. t~:?d  In +F~,Is:~>*
the calibration of the laboratory blackbody to the ini-:?al  b!j<i(-
body. Note that no assumptions have been made about 'i+; enl',;ij!ty
of the internal blackbody.

c. Using data from the "view" of the cold target (whose rai"' ,nce IS
assumed to be zero) and the internal target, the line?<  .a'i~);atii~~
equation is formulated.

d. The linear calibration is then applied to the AVHRR ,.:,it:::,t.  rs
counts, obtained when the AVHRR viewed the laboratory blackbody,
This produces radiances, one for each of the tempe :< i, c _
the laboratory blackbody. The radiances  are convcr c'ci ‘is I.: 1 \‘h!:
temperatures by the method of Appendix A.

e. The brightness temperatures are subtracted from t)ie  C~~LLLC
I, T,
,Y.  ‘(a’-

peratures  of the laboratory blackbody, determined from :‘, i’R’li,,.
The differences are the correction terms.
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Note that in this procedure the calibration of the laboratory blackbody
is transferred directly to the internal blackbody, the sand radiance of the
internal blackbody is computed without recourse to the measurements by its
four PRT's. However, for in-orbit calibrations, the radiances of the
internal blackbody must be based on measurements by the PRT's. Therefore,
it is important that the calibration of the laboratory blackbody be trans-
ferred to the PRT's  of the internal blackbody. The technique for doing
this was described on page 44.

5.1.2 Visible Channel Calibration

There are no calibrated sources of visible radiation within the AVHRR
instrument, so that the user must either rely on pre-launch calibration
information for AVHRR channels 1 (500 to 700 nm) and 2 (710 to 1080 nm), or
rely on the results of ground-based experimental techniques for deriving
the calibration equations for these channels on the orbiting AVHRR. The

a percentage of that for a perfectlytarget albedo (A) expressed as
reflecting Lambertian surface
related to the count level (X1

illuminated by an overhead sun is linearly

A = MX + I.

Values of the associated slope (M) and intercept (I) deduced from pre-
launch calibration data are given in Appendix B.

A detailed account of the pre-launch calibration procedures for the AV!-',;IR
has been given by Rao (1987). The calibration is traceab 1
ary standards of spectral irradiance.

In pre-launch calibration, the AVHRR observes an aper t
internally illuminated sphere with optically diffusing wa 1
the spectral radiance emerging through the aperture shows
across the aperture, and is traceable to the NBS standard
radiance in the visible region of the spectrum.

e  to NBS second

u r e c 11 t i fl t 0 3 n
IS. -r h f: ,‘&‘i  IJd Of-

strong  iin ii our-i  ty
of spectral

The user is cautioned that there is strong evidence that p;he  :~.:1~1~~~:  of
M for the NOAA-7 and the NOAA-9 AVHRR had decreased after 2 ;'e:r  i? :jrbit
by 10 to 20% of their measured pre-launch values for different s~tr~i  I 1tc--
channel combinations. Channel degradation in this range has byen cai::ti.-
lated by Frouin and Gauthier (1987). Aircraft-based observations by Smith
et al. (1987) yielded very similar results. Several users of the :jala  :h;ive
reported evidence consistent with significant reductions in M, 'There .I c
scant evidence presently available on the dependence of M on time-:Q-or;.lL.
The evidence suggests that th e degradation in M for the NOAA-/ arc!  NO!'.,':,  0
AVHRRs kpnds  ti!
stabilize after 2 years in orbit. Aircraft-based observations of The in-
orbit value of M for the NOAA-10 AVHRR in late December 1987 are being
analyzed.
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To convert from percent albedo, A, to radiance, I (W-M-*urn-l.st-1)  use
the equation,

F A 1
I=-- -_

w' n' 100

where F is the integrated solar spectral irradiance weighted by the
spectral response function of the channel, and W is the equivalent width of
the spectral response function of the channel.

Values of F and W are given in Appendix B. The value of F depends in
the function assumed for the solar irradiance at the mean Earth-surl
distance. Values of F are given based on the Air Force Cl!Xfi!.  T/-.eks~:a*-~,
(1974) and Neckel and Labs (1984) measurements.
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5.2 MSU

The parameters necessary for calibrating the MSU are provided
with each scan line. Since each scan line contains only one sample
for each parameter, an average of these data from several scan
lines is used for the calculation of calibration coefficients.

The location of the space and internal target radiometric data
is defined in section 4.2 MSU. The calibration coefficients for
a specific scan line are computed from an average of the data
contained in 25 lines (12 lines prior to and 12 lines subsequent
to that line for which coefficients are being computed).

The relationship between input radiance and instrument out,pu'i
counts is not linear in the MSU channels. Since only a .i ir,i:a~!-

relation between radiance and instrument output counts; ca:~ 5e
derived from the in-flight data, a nonlinearity correction
algorithm must be applied to each channel. The coefficier~ 1,s -ior
this algorithm are produced by NESS for each instrlfl.!ent, using
preflight subsystem calibration information and art :>ixpplied
in appendix B.

The algorithm is:

C .= f: diCi
i=O

where C is the radiometric count output, d . is the i~o r.1 A ! ::I ;, a c’.L-,, y

correction coefficient and C'is the modifikd count value ? C i.? c

used in the linear algorithm.

Each of the two inflight calibration targets has ':;wn PRT's t:?_l
are used to determine the temperature of these targeus. In - .r 2 j k., ; i-

target (#l) is viewed by channels 1 and 2. The zemperature of
this target is derived from PRT 1A and PRT 1B. In-f ight target
$2 is viewed by channels 3 and 4. The temperature c, thI: a_~ we.(:D

is derived from PRT's 2A and 2B. The output COUT?; ,a1.ue: 1 I,
PRT's lA, lE3, 2A and 2B are located in words 2 and 3 r,f ?FCJ':
8 and 9 (see table 4-3).

The conversion of each PRT count output to temperature jK'i
requires the use of two algorithms, the first to .:! ,. ~ I -,.s-
to resistance (R)
temperature (K).

RA
= K. + Kl

and the second to convert resi: rX ic \? L;
The first algorithm is:

cA - TA CAL LO

TA CAL HI - TA C?,L Lo
for PR'I l.4 & 2.4



or

RB
'B - TB CAL LO

= '0 •t Kl TB CAL HI - TB CAL LO for PRT 1B & 2B -

where:

RA is the resistance of PRT 1A or 2A; RB is the resistance of PRT---
1B or 2B; C
value of PR4

is the count value of PRT 1A or 2A; CB is the count
1B or 2B; KG and Kl are the resistance conversion

coefficients supplied in appendix B.

Tq CAL HI and TA CAL LO and TB CAL HI and TB CAL LO are the
high and low calibration reference points for electronic systems
A and B respectively.

TA CAL LO, TB CAL LO, TA CAL HI and TB CAL HI are located in
words 2 and 3 of IFOV's 1 and 2 as defined in table 4-3.

The second algorithm, converting R to temperature is:

T = 2 eiRi
i=O

where T is the temperature (K) of the internal ,target as deri~;,ed
from the resistance (R = RA or RB) and ei are the temperature -
conversion coefficients for each PRT.

The coefficients ei are supplied in appendix B,

The temperature of target #1 is the average of the temperature
derived from PRT's_lA and 1B. The temperature for targe:: X2 is
the average of the temperature derived from the PRT'::; >A ,~n.? %R,

The target temperature used for the calculation of calibration
coefficients is averaged over 25 scan lines.

The conversion of these average temperatures to radiance units
(XT) is described in appendix A.

Channel gains are calculated by:

G = NSP - NT
Eip - "+
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where G is the gain of each channel, NSp and XT are-the radiance
of space and the internal target respectively, and Cgp and C+
are the corrected count values of the space and internal target
views averaged over 25 scan lines. The values of NSP are sun-
plied in appendix B.

Channel intercepts are caiculated by:

I = Nsp - G tip

5.3 ssu

During normal operation, calibration of the SSU instrument
is performed once every 256 seconds. The scan sequence format for
the SSU provides 32 seconds (1 line) of radiometric space anJ
internal target view data followed by 7 scan lines of Earth view
data.

The SSU calibration line contains four dwell periods of space
data followed by four dwell periods of internal target data.
These data can be identified by examining bits 7 and 8 of
digital word 2, defined in section 4.3, SSU. Each dwell period
contains 8 radiometric data samples per channel spaced according
to the following timing chart.

Sample (s) Time (t)

1 0.6 set
2 1.0 set
3 1.6 set
4 2.0 set
5 2.6 set
6 3.0 set
7 3.6 set
8 4.0 set

The accumulation of these samples over a four-second dwell
period produces a linear relationship between output samp'iz;
(counts) and time (seconds). The slope of this line is d+'i::' *,c:L:
as a RAMP (counts per set). This RAW is computed using L!I~~
lease squares equation:

RAMP =
8 Zts- CtZs
8 C t' - (Ct)'

where all the summations over the eight samples and s is the
count output value from a data sample at time t.
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An average of the four RAMP values from the space view and an
average of the four RAMP values from the internal target view
are used in the calculations of calibration coefficients.

The temperature of the internal target can be calculated from
the blackbody PRT data samples (word 21, table 4-6) during the
last 12 seconds of the calibration line and during the entire 32
seconds of the other seven scan lines.

The PRT provides the most precise measure of the internal target
temperature. However, should the blackbody PRT fail, the data
samples from the two blackbody thermistors (words 8 and 9, table
4-6) may be used to derive the internal target temperature.

The temperature of the internal target calculated from the black-
body PRT data samples is:

T(K) = i aiXi
i=O

wher_e ai are the conversion coefficients contained in appendix 2,
and X is the averaged PRT data value (in counts). It is suf-
ficient to average only the last 12 seconds of each line to
produce X.

The temperature of the internal target calculated from the
blackbody thermistor data samples is:

3
i bi xi + 1 c; I?

T(K) = i=" i=O *

2

where bi and Ci are temperature conversion coefficSients .for each
thermistor contained in appendix B and x is the '&ve~'ag:i' S? .-he
blackbod
[word 193

ther_mistor (word 8 divided by the thermistor re?ers~~ce
). Y is the average of the blackbody thermistor I(w-Js~

9 divided by the thermistor reference [word 191). Again, it is
sufficient to average only the last 12 seconds of each line to
produce x and Y.

The internal target temperature is converted to radiszce (ld,' as
described in appendix A. Channel gains are calculated by:

%P
G =  _

- NT
-

R;31MPSp _ RAIdPT
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where G is the gain of channel, NSp and NT are the radiance OS
space and the internal target respectively, and R.GPSP and RzPFf
are the average ramp value for the space and the internal large-i-
views.

Channel intercepts are calculated by:

I = NSp - G RmSP

5.4 Calibration of HIRS/2

During normal operation, calibration of the HIM/Z instrumeAlt
is performed once every 256 seconds (40 lines). Calibration .i,s
provided by viewing two internal targets and space. l'he te!ilrgLxrz -. I.
ture of both internal targets, a warm target (IWT) (290 K) and a
cold target  (ICT) 060 I( to 270 K), are determined from four ther-
mistors embedded in each target. Because of large temperature
gradients induced by solar effects throughout the orbit, the
temperature of the ICT cannot be reliably determined with suf-
ficient accuracy to improve the calibration. Therefore, only
the IWT and space-view data are used for calculating calibration
coefficients.

Element 58 of each HIRS/2 line contains five samples of 2&ch
of the four thermistors used to determine the temperature of
the IWT (see table 4-l). The output of each thermis-(.or :is; j_ ID
verted to temperature K by:

T= ;

j=O

where T is the temperature indicated by the thermistor, ? is the
average of 200 samples for that thermistor (40 lines x 5 samples
per line), and aj are the conversion coefficients supplied :n
appendix B.

The temperature of the IWT (TIWT) is determined by ave?~g:!n~
the temperatures derived from the four thermistors. The 2.’ l;‘i rI :: . .
converted into radiance (N) as shown in appendix A.. The COM~~~JT:L--
tion of calibration coefficients requires that for t,ach  c i;z 1k0-i
an average value of the space and internal warm tarstir; T. e .&at 9
be computed. For that line containing space-view d;~Lr% i h “rc

are 56 samples per channel. Samples 1 through 8 (:ol! ~..a i 3 2;. ta
while the scan mirror is moving to the space targeL. ,!n~i L,;-c
therefore, not usable. For that line containing 1.~71' v :ew dz I.,+,
all 56 samples per channel are usable.
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The channel slopes are computed by:

(NSP - NIWT)
M =

(%P - %WT)

where M is the slope for each channel_, Nsp and NIWT are the radiance of
space and the internal warm target, X
of the 48 usable space data samples,

sp is_ the mean space value (in counts)
and XIWp is the mean IWT value (in

counts) of the 56 usable IWT data samples.

The channel intercepts are computed from the equation

I = NSp - Mxsp.

The slope (M) of the visible channel of HIRS/Z is not measured in flight.
Values of I for the visible channel are available in the same manner as the
other channels of the instrument. A pre-launch value for M is measured
through the same calibration procedure described by Rao (1987) for the
AVHRR, which was briefly described in Section 5.1. Pre-launch values of M
and I to calculate apparent albedo for a Lambertian surface illuminated by
an overhead sun are given in Appendix B.

5.5 Application of Calibration Coefficients to Earth View Data

The slopes and intercepts as computed for each instrument (sections 5~:; to
5.4) are used to convert Earth view radiometric samples (XE in CO!JYI%~;;  to
calibrate radiance values (NE). The algorithm is

NE = M XE + I

For the MSU, XE is defined as the count value modified for instrument non-
linearity (C) (section 5.2).

The calibrated radiance values NE do not include corrections for
atmospheric attenuation, slant path corrections, or other stmosp:lcric
phenomena.

5.6 APT

The APT frame format is shown in figure 3-3. Space data fa,zr thz se'locted
channel (instrument output while viewing space) appear in zdch ::Pl ‘.;i+,::~
line immediately following the synchronization pulses. A4 I <:t t!,e G~+IP~
data necessary to perform the calibration appear in the telemetr:/  ?ramc,

The outputs of the four sensors, which monitor the housing blackbody target
temperature, appear in telemetry points 10, 11, 12, and 13 (thermal tea-
perature number 1 through 4, respectively). Each thermal tempe?nr,';r;: is
repeated on eight successive APT video lines. Thermal temperatuj-:, dl, :or
example, begins on line 73 and is repeated through line 80; tnerms:  telr;-
perature #2 begins on line 81; #3 on line 89, and X4 on line 97.
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